The control of training load has become a very interesting field for investigation in sports, but few tools are used to assess internal training load (ITL). The aim of this study is to use a post-exercise analysis methodology in different athletes and situations to establish its utility and reliability as a measure of ITL. In a retrospective review, we analysed 112 measurements of 74 subjects (38 men and 36 women) grouped in: University students (UNI); national team (FUTSAL 1); university team (FUTSAL 2); athletes (ATL); badminton players (BADM). Measures of Heart Rate Variability (HRV) were made with a Polar V800 with a thoracic band H10, during 5 minutes in a seated position after exercise. We calculated the Root Mean Square of the successive differences between adjacent RR intervals (RMSSD) and its slope from exercise to recovery. Measurements from UNI, FUTSAL-2, ATL-M and ATL-F were grouped into three categories of intensity (60%, 75% and 100%). RMSSD-Slope values were lower as intensity increased but different for every subject. In the BADM and FUTSAL-1 groups, RMSSD-Slope was progressively lower after consecutive matches for every player. The RMSSD-Slope seems to be a very accurate method to assess ITL.
Introduction
The control of training load (TL) has become a very interesting field for investigation in sports [1] [2] [3] . The load administered (for example, as a training session) is considered the external training load (ETL) and the way in which each athlete responds to it is considered internal training load (ITL) [4] , howev-Health er, few tools are used to assess ITL. Among them, the most used are the rating of perceived exertion of the training session (sRPE and its different variants) [5] or the algorithm called Training Impulse (TRIMP) [6] .
Heart rate variability (HRV) is a non-invasive tool widely used to assess sympathetic and parasympathetic modulation [7] [8] [9] . The Root Mean Square of the successive differences between adjacent RR intervals (RMSSD) is considered as the more accurate measure of parasympathetic activity. HRV is considered a valid method to evaluate individual [10] [11] [12] [13] or collective response to a given TL [14] [15] and it fundamentally evaluates ITL, particularly if the object of analysis is the reactivation of the parasympathetic system after exercise [16] [17] [18] [19] . In this way, Naranjo Orellana et al. [20] described a measure of ITL based on the recovery slope of RMSSD during the first 30 minutes.
This measure (RMSSD-Slope) is easy to obtain. Its value bears a very close relationship with effort intensity, and it clearly detects individual responses to the same TL [20] ; so, it seems justified to explore its practical utility as an indicator of ITL.
Therefore, the aim of this study is to use this post-exercise analysis methodology in different athletes and situations to establish its utility and reliability as a measure of ITL.
Methods

Subjects
In a retrospective review of our HRV database, we selected a total of 112 valid measurements, corresponding to 74 subjects (38 men and 36 women), taken under different circumstances. The inclusion criteria were as follow: 1) all records in a seated position; 2) all records with the same device; 3) all the records were taken after exercise; 4) all of them including at least 10 minutes recovery.
HRV Measurements and Analysis
The measurements were made with a Polar V800, with an H10 Sensor thoracic band (Polar Inc., Kempele, Finland) validated for the realization of HRV measurements [21] .
The RR time series were downloaded via accompanying Polar Software (Polar FlowSync Version 2.6.2, Kempele, Finland) and they were analysed using Kubios HRV software (Version 2.1, University of Eastern Finland, Kuopio, Finland).
HRV was not quantified the first 5 minutes of recovery because of the loss of time series stability derived from the sudden change between the end of the exercise and the start of recovery [22] . Each record was analyzed previously to detect the possible presence of artifacts and anomalous beats, applying the corresponding filters if required.
All the subjects were grouped by sporting discipline as follows (Table 1) .
A group made up of 13 university students of Sports Science, all physically active (UNI) and all male. They performed exercise on a cycle ergometer during a constant load test at an intensity of between 60% and 75%. A group of 20 female Futsal players divided into two groups. The first group (FUTSAL-1) included 10 members of a national team and we used 20 recovery measurements taken 120 minutes after 2 fully demanding matches. The second group (FUTSAL-2) was formed by 10 players of a University team and we used 10 recovery measurements recorded following a maximum stress test on a treadmill, 10 minutes immediately post exercise.
A group of 31 athletes (ATL) consisting of 22 men (ATL-M) and 9 women (ATL-F). In the ATL-M group, a total of 22 measurements were selected in the following situations: 17 measurements taken 10 minutes after an intense training session and 5 measurements taken 15 minutes after the end of a "time to exhaustion" (TTE) test. The athletes in the ATL-F group performed different evaluation tests and 17 measurements were chosen: 7 after a maximum stress test; 4 after a constant load test at 60% intensity; 5 after a constant load test at 80% intensity, and one after a TTE test.
All these measurements were recorded 10 minutes immediately post exercise. One group of 10 youth elite badminton players (BADM) made up of 3 male (BADM-M) and 7 female (BADM-F) subjects. 30 measurements were selected corresponding to 3 matches played in 48 hours, at different tournaments, up to the semi-finals. Recovery was monitored 15 minutes after each game.
The subjects from the groups UNI, FUTSAL-2, ATL-M and ATL-F were grouped into three categories in accordance with the intensities at which they had carried out the corresponding tests: 60% (all tests < 70%), 75% (tests between 70% and 80%) and 100% (maximum tests). For all of them, the RMSSD recovery slope was calculated according to the specifications of Naranjo Orellana et al. [20] .
The data from the BADM group were used to observe the behaviour of these indexes in a situation in which the same subjects accumulated three training loads (maximum level matches) in a period of 48 hours.
Finally, the data for the FUTSAL-1 group was used to ascertain whether the information about RMSSD recovery obtained two hours after a fully demanding game (and, therefore, out of the established range of 30 minutes) was still coherent with the other data. To this end, measurements were taken following two separate games, 48 hours apart, during a competition situation. Table 2 shows the age, body mass and height characteristics of each of the groups.
All the measurements were grouped by intensity, so that a 60% intensity corresponds to an average RMSSD-Slope of 2.65 (±3.71); at an intensity of 75% we found an average slope of 1.25 (±1.60) and at maximum intensity the average slope was 0.75 (±0.59). Figure 1 shows the representation of each of the measurements in the corresponding nomogram for the RMSSD-Slope proposed by Naranjo Orellana et al. [20] . Figure 2 shows the distribution of RMSSD-Slope values for players in the BADM group. These values descended along the three consecutive matches played: 1.25 (±2.31), 0.32 (±0.44) and 0.17 (±0. 19) . Figure 3 shows the distribution of the RMSSD-Slopes values corresponding to the players from the national Futsal team (FUTSAL-1) . The values were 0.66 (±0.24) two hours after the first matches and 0.47 (±0.21) two hours after the second one. 
Discussions
The main contribution of this study is to verify with different exercise situations the usefulness of the nomogram proposed by Naranjo Orellana et al. [20] as a simple tool capable of evaluating ITL based on the immediate recovery of RMSSD.
The experiment carried out by Naranjo Orellana et al. [20] showed that RMSSD falls to values close to zero, regardless of the intensity of the effort, yielding an average value of 4 ms. Following the recommendations of these authors, as we had not recorded the RMSSD values during exercise, we calculated the RMSSD recovery slope based on this average value of 4 ms.
The authors also found that its reactivation following exercise behaves in a linear way, at least for the first 30 minutes, and the slope can be calculated at any point during those 30 minutes. In that study [20] this recovery slope (RMSSD-Slope) had a good inverse correlation with exercise intensity but it is different for each subject at the same effort intensity, making it a good indicator of ITL.
Based on the proposed nomogram [20] , Figure 1 shows the individual responses of the 62 measurements taken within a range of three intensities: 60%, 75% and 100%. We can see that the higher the intensity of effort, the lower the dispersion between subjects. Of the 9 measurements taken at an intensity level of 60%, one is clearly down the lower limit of the nomogram, indicating that the ITL was excessively high for that intensity. Similarly, 6 of the 30 measurements (20%) taken at an intensity level of 75% and 4 of the 23 measurements (23%) taken at 100% are in the same situation, with a very high ITL. Therefore, it should be taken into account that around 20% of athletes performing similar TL could have a high ITL related to the intensity.
In the literature, most of articles are often looking for a correlation between the variables ETL and ITL. The most recent meta-analysis regarding this issue [4] is searching precisely for that. However, we are convinced that this way of thinking about TL leads to important errors. So that if we have into account the definition of ITL, it would not be logical to expect any kind of correlation with measurements of ETL. If this correlation did exist, it could be cross-contamination from ETL rather than the supposed measurement of ITL. In other words, if a group of subjects carries out exactly the same ETL, they should, by definition, have different ITL values, and if this were repeated with different ETL, we should not expect any correlation whatsoever.
This line of thinking is confirmed by our data. As we can see in Figure 1 , and as noted above, the response shown in ITL is completely individual for the same ETL.
If the RMSSD-Slope is a good measure of internal load, in situations of greater fatigue, the same subjects should present lower values. That is exactly what is shown here when comparing data from the youth elite badminton players (BADM) during three matches at maximum competition level played over the course of one weekend. Figure 2 shows that, as progress of the games, the average RMSSD-Slopes are lower and data dispersal gradually lessens. Furthermore, as the number of matches increases, the number of subjects presenting a minimum slope also increases.
